SUMMARY Two infants with pulmonary hypertension resulting from unilateral pulmonary vein .stenosis and ventricular septal defect are reported. Treatment implies the closure of the ventricular septal defect which contributes per se to the development of pulmonary hypertension, but relief of the pulmonary vein obstruction is not always feasible, and postoperative problems may result.
Pulmonary vein stenosis is recognised as a rare, silent cause of pulmonary hypertension.' The condition can occur with or without intracardiac anomalies. '-3 The presence of lesions, such as ventricular septal defect, which cause pulmonary hypertension in their own right, can make suspicion of associated pulmonary venous obstruction difficult. In only one of the four reported cases4-7 of ventricular septal defect with pulmonary vein stenosis was the diagnosis made before operation. We report two further cases with unusual clinical presentation.
Case reports CASE 1 This male infant was admitted to The Hospital for Sick Children, London, at the age of 2 months. A murmur had been heard in the first week of life. Because of mild cyanosis on crying and four episodes of extreme pallor, the child was referred with the clinical diagnosis of Fallot's tetralogy.
Clinically he was pink, with an ejection click, a systolic ejection murmur in the pulmonary area, a single second heart sound, and no diastolic murmur. The chest x-ray film showed a normal heart with a slightly small, hypovascular lung on the right. Two dimensional echocardiogram showed only a large perimembranous infundibular ventricular septal defect.
Cardiac catheterisation was performed. The pulmonary artery pressure was raised at systemic level.
The wedge pressures showed important differences FJM is supported by the British Heart Foundation and Vandervell Foundation.
Accepted for publication 15 February 1983 between the two lungs: a=24 mmHg, y=20 mmHg, mean 23 mmHg in the right lung, and a= 10 mmHg, y=8 mmHg, mean 6 mmHg in the left lung. The mean left atrial pressure measured directly was 4 mmHg; the left pulmonary veins were entered and no gradient between these and the left atrium was detected. The right pulmonary veins could not be intubated. A large left to right shunt was documented partly at atrial and partly at ventricular level with an element of right to left shunt mainly at atrial level, giving an aortic saturation of 85%. The calculated pulmonary vascular resistance was 2-2 units/M2.
The left ventricular angiocardiogram showed a single, high ventricular septal defect below the infundibular septum. The pulmonary angiocardiogram showed severe obstruction to flow through the right lung. The venous return from the left lung was normal and the site of return from the right lung was never well visualised ( Fig. 1) .
Surgicalfindings
An atrial septal defect and a large perimembranous infundibular ventricular septal defect were found and closed. The right pulmonary veins were very hypoplastic and connected to the left atrium through a single minute orifice. Nothing could be done to relieve the obstruction because of the diffuse hypoplasia of the extrapulmonary veins. At the end of the procedure the pulmonary artery pressure was 45 mmHg with a systemic arterial pressure of 70 mmHg. The child had a stormy postoperative course including episodes of "blue spells" when agitated which were attributed to pulmonary hypertensive crises. 8 Four months after operation he is doing well, and is acyanotic with an unimpressive systolic murmur and an ejection click. 600 This child was first seen at 20 days of age with breathlessness on feeding. There was a pansystolic murmur at the left sternal border, a fixed split second sound, and an apical diastolic rumble. The chest x-ray film showed an enlarged heart with pulmonary plethora but no detectable difference between the two lungs. The two dimensional echocardiogram showed a perimembranous trabecular ventricular septal defect of moderate size. Two months later the systolic murmur was softer and the diastolic rumble had disappeared. Over the next three months two episodes of infection involving both lungs required treatment in hospital. By 7 months of age the child had clinical signs of pulmonary hypertension with diminished shunt.
Cardiac catheterisation was immediately performed and confirmed the clinical impression of pulmonary hypertension. The pressure in the pulmonary artery was raised to systemic level and the mean wedge pressures were 30 mmHg in the left and 16 mmHg in the right pulmonary artery. Only the right pulmonary veins were entered and a pressure of 16 mmHg was recorded. The left atrial and left ventricular enddiastolic pressures were 10 mmHg. The saturation data showed a shunt of 2-2: 1 at ventricular level, again with a small right to left shunt at atrial level, giving an aortic saturation of 900/o. The 
Discussion
Pulmonary venous obstruction without intracardiac shunt (the pulmonary veins commonly draining anomalously) is easy to diagnose; the patient has a small heart and pulmonary oedema. A large ventricular septal defect without pulmonary vein stenosis can also occur; the patient has a large heart and pulmonary plethora.
A combination of the two conditions is much more difficult to recognise, as it is easy to be distracted by the dominant lesion; yet the presence of unilateral or bilateral pulmonary venous stenosis greatly influences the prognosis and treatment of ventricular septal defect.
Both our patients were known early and with certainty on clinical, echocardiographic, and, later, angiographic grounds to have a large ventricular septal defect. Their progress with intermittent cyanosis or loss of signs of left to right shunt by the age of 3 months suggested the premature evolution of pulmonary vascular obstructive disease. Though this can very occasionally occur in isolated ventricular septal defect, it must raise the suspicion of an associated anomaly.9
DIAGNOSIS
The key to the diagnosis of pulmonary venous obstruction is the documentation of a discrepancy between pulmonary wedge pressure and left atrial pressure measured directly. In both our cases this discrepancy was highlighted by the contrast between wedge recordings from the normally draining and obstructed lungs. Collaborative evidence comes from failure to enter the obstructed veins from the left atrium. Thirdly, a right sided angiocardiogram shows delayed pulmonary venous return to the heart, again the dissimilarity between flow patterns through the two lungs underlining the diagnosis in our patients. In fact, in both patients, flow through the affected pulmonary veins was so low that the site of pulmonary Presbitero, Bull, Macartney venous return was not identified angiographically and the diagnosis of obstructed partial anomalous pulmonary venous return was considered. Echocardiographically, however, all four pulmonary veins appeared to drain to the left atrium, though no comment could be made about the presence of pulmonary vein stenosis using this technique. Recently, Bini and Bargeron'0 have reported good visualisation of an obstructed pulmonary vein after pulmonary arterial wedge injection. Their patient had previously undergone repair of total anomalous pulmonary venous return, but there seems no reason why the technique would not have worked in the patients described here.
AETIOLOGY
Pulmonary venous obstruction may be congenital or acquired.2 1112 In our first patient, a congenital lesion seems likely as the patient was mildly cyanotic at presentation and the lung on the affected side was smaller. The second child may also have a congenital lesion but the possibility of acquired pulmonary venous stenosis, possibly related to infection, cannot be entirely excluded, particularly in view of the child's rapid progression from obvious left to right shunting to a picture of pulmonary hypertension and pulmonary vascular obstruction.
TREATMENT
Four options for the treatment of unilateral extrapulmonary venous stenosis have been suggested: plastic repairl 3 or balloon dilatation7 may be feasible, the obstruction may be left alone, or the affected lung removed. In our patients, unlike those with isolated pulmonary venous stenosis, cardiotomy was mandatory to close the ventricular septal defect, a manoeuvre that would be expected, on its own, to ameliorate the pulmonary hypertension. 
